FORCES & OTTERS VEGUERS

MANY  QUANTITIES [N ENGWWEERING CAN Be EXPRESSED AS
SLALARS OR VE(CTORS,

SCALAR  QUANTT TY VECTOR  QUANTITY
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STRNDARD NOTRTION FOR A VETTOR (N PRINTED TEXT willL OFTEN
USE THE VECTOR'S NAME N BOLD FONT, Fog HANDWR | TTEN
WOKK, WE'LL USE AN ARRW OVER. THE VELORS NaME.
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F=F=F= A VECOR NMED F

THE MAGNITUDE OF A VECTOR (S SHownN GRAPHICAL X BY THE

SZE OF t+E ARRDW. N STANDARD NOTATION IN PRINTED TEXT,
IS GIVEN BY THE VETTOR'S WNAME (v
MAGNITUDE OF A VECTOR

\T
ITRLICS, SYMBOUICALLY, THE

\S FounD USING THE SAME NOTATION AS AN ABIOLUTE
VALVE, (ABSOLUTE GALUE OF A NUMBER AND MAGNITUDE OF AVECTOR CAN BoTH

BE THOUGHT OF AS A DISTANCE FEOM THE ORIGIN, SO TH(S NOTAT (N MAKES SENSE)

F=|F|=F=|F| = THE MAGNITUOE 0F VECTR F



1-PIMENSIONAL VECTOIRS

THE SIMpLEST VECTOR  CALCULATIONS CAN BE DONE WITH 1 VECTORS,

WHICH ARE VECTDRS SHARING THE SAME LINE OF ACTION. THESE ARE ALSO CALLED
COLLINENR VECTORS,

VECTOR APOITION
MULTIPLE VECTORS CAN BE ADDED TOGETHER 1o FIND A RESULTANT VECTOR
T EIND THE RESULTANT VECTOR R 0F THE TWD COLLINERAR VECTORS

MD B SHOWN BELOW, WE CAN USE THE TIP-TO-TAIL TECHNI QUE.
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9 SUCE VETOR B UNTIL 115 3. THE VECTOR FROM TE TAIL oF
TAWL IS AT THE TIPOF ™ THE TP OF B IS THE RESwmwnT &

VECTOR MULT(PLICATION BY A SCALAR
MULTIPLYING OR OIVIDING A VECTOR &Y A SCALAR CHANGES THE VECTOR'S MAGNITUDE,
jut RETAINS tHE ORIGINAL | |NE OF ACTION. MULTIPLYING A VECTOR BY A NEGATIVE

SCALAR FLIPS THE DIRECTION OF THE VECTOR (ROTRTES 1T (309
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DWIDE ¥ BY SCALARS, THE SAME DIRECTION. FLIPPED 180° FROM THE DIRECTION

OF ¥ BOTH VECTDRS ARE STILL
ON THE SAME (INE OF ACTION,



2 SIMENSIONAL VECTOIRS

WE WILL DESCRIBE 2-& 3-D/MENSIONAL VECTORS USING CARTESIAN  CDORDINATES.
(N Two DIMENSIONS, THE CARTESIAN CODORDINATE SXSTEM HAS Two PERPENDICULAR
CosRDINATE AXES, TYPICALLY LABELED = AND y.
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POINT 7 HRS COORDINATES VECTDR F HAS CoMPONENT

MAGNITUDES [, AND Fy

THE MAGNITUDE OF p 2-DIMENSIDNAL VECTOR CAN BE FounD
USING THE PNTHAGOREAN THEDREM :

~ _ -——’_"2 2

l Fl= JRE+ R

THE DIRECTION © OF A 2-DIMENSIDNAL VECTOR CAN BE FOUND
USING THE TANGENT OF 6

0= +an"(%>

WE CAN ERSILY EXTEND THE 20D COORDINATE SNSTEM TO 3D RY ADDING
K Z-AK15, PERPENOICULAR TO £OTH THE x- AND 4 AXES,

TS CONVENIENT TO PASSIGN A CONVENTION FOR THE
ORIENTATION  OF THE «-, Y=, AND z- MES TO po THIS, WE

USE THE RI\GHT-HAND RULE




WSING THE FIRST THREE FINGERS OF

© YOUR RIGHT HAND AS PICTURED, You
CAN DETERMINE THE APPROPRIATE
ORIENTATION OF A RIGHT HANDED
(OORDINATE QYSTEM,
YoUu CAN TWIST YouR HAND TD LINE UP WE
COORDIATE SYSTEM WITH ANY GIVEN
PDINTS, VECTORS ,£TC.

¥ VR DU CAN ALSO RELABEL tHE AXES, AS loG
€ AS THE ORDER STAYS THE SAME,

THUMB — ¢

INDEX — Z

MIDOLE — x

POINTS AND VECIORS ARE  EAPRESSED SIMILARLY 8 IN 2D
Wil A THRD OMPONENT REPRESENTING THE MAGIN I TUDE /PISTRAN CE

ALONG THE 2-AXIS.




THE MAGNITUDE OF 3p VECTOR F IS
\E‘ :\IF:"F\;*F;

TUE COORDINATE DIRECTION ANGLES ARE THE ANGLES THAT

F MAKES WITH EACH OF THE COORDINATE AXES THEY CAN BE
FOUND VUSING CosINES:

E F\& _ R
VT — 0spHh T —— COSY\ —
MY SN [l

NOTE THAT F F, mo [, CAN BE NEGATIVE, Bur |F| wiLL
ALWANS BE POSITIVE.
SOMETIMES, IT WILL BE MORE CONVENIENT TO DESCRIBE® A POINT OR

VECTOR USING SPHERICAL CODORDINATES. FOR EXAMPLE, IMAGINE You ARE
STRRGAZING AND WANT TO DESCRIBE THE LOCATION OF POLARIS (THE NORTH STAR),

DISTANCE:  fA ¥ 433 LIGHT YEARS

AZ \MUTH G =I° (CAN VARY £1° OVER ﬂME)
ALTITUDE: @ =30°

WE CAN CONVERT AnY VECTOR A FROM SPHERICAL TO
RECTANGUL AR COORDINATES AND VICE VERSA USING TRICONOMETRY.

R=<Aahy by 1 t(f\i@n @

h=Rl=(Azenish | Ax= Rsineos®
P = cos™ (—%’*) AL&: Asingcos®
VE COS"<:;.\¢ Az =AcosP




UNIT VECTORS

A UNIT VECTOR IS A VECTOR WI(TH A MAGNITUDE DF 1 AND No UNITS,
BY CONVENTION, A UNIT VECTOR IS INDICATED BY A HAT™ OVER THE VECTOR INSTEAD OF
AN ARROW, THE UNIT VECTORS THAT POINT ALONG THE x-, 4=, AND z-fXES OF A

CARTESIAN CODRDINATE SNSTEM ARE SO CommoN, THEY'VE BEEN GIVEN THEIR
OWN SYMBOLS : 1, f, awp 'k

A W ITH UNLT VECIDRS, WE CAN EXPRESS
A VECTDOR F WITH COMPONENTS (SR
MD F AS: ¢
L F=Ri+E;+EL
n~ 4 = 1+ Ny
’ > " rd zk

->Y

THE UNIT VECTOR E POINTS IN THE
SAME DIRECTION AS F, BUT HAS A
MAGNITUDE OF 1.

z %= E— F_—XT+ f,l" + B
ERREREEERHE
DA THE COORD(NATE

k
TUIS LOOKS VERY sIMILAR TO OVR EXPRESSIONS F
DIRECTION ANGLES. IN FACT, WE UW WRITE
= =CO50(?+cos@}+cosYﬂ
ReMEMBER THAT MULTIPLYING OR OIVIDING A VECTOR @Y A ScALAR CHANGES THE
VECTOR'S MAGNITUDE, $uT RETAINS tHE ORIGINAL | |NE OF ACTION.
> —_—
MAGNITUDE & DIRECTIN-* F = “:[ =

MAGNITUDE P\RECTION

VECTOR F HAS MAGNITUDE & DIRECTION

SCRLAR |E] HAS ONLY MAGNITUDE
UNIT VECTOR £ HAS ONLY DIRECTION

ONE wAY TO THINK
ABOVUT UNIT VECIORS



UN(T VECTORS ARE TYPICALLY THE BEST WAY TO DEAL
WITH FORCES AND DISTANCES IN THREE DIMENSIONS

FOR EXAMPLE, IF WE kNOW THE LOCATION OF Two POINTS (4% D)

ON THE LINE OF ACTION oF FORCE F, THEN WE CAN USE A UNIT VECTOR
TO DETERMINE THE COMPONENTS OF [ HERE'S HOW:

=<Ax, A}, A2.>
T [ _____________ :(BK;B}, B;)

Z
() DRAW A COOD D(AGRAM! (kS SHOWN ABOVE,)

1 USE THE KNOWN POINTS TO FIND THE DISP(ACEWENT
VECTOR :

= (B A7+ (By A} + (B Ak
OR, WR(TE OUT THE DisPLACEMENTS DIRECTLY:
AB, = 0% = Bx—Ay
A—B} = A} = B}-Prg,
A')&z = AZ = Bz—Aé
= AB T+ AB, § +AB, k



2 TIND THE DISTANCE BETWEEN POINTS A MND
THIS 1S ALSO THE MAGNITUDE DF THE OISPLACEMENT
\VECTOR

|78 = (RBF + (B + (AR, )"
3. FIND THE UNIT VECTOR (B, THIS IS A UNITLESS VECTOR
WTH A MAGNITUDE OF 1 THAT POINTS FRUM A TD
I VI YO
B[l jml e el

4. FINALLY, MULTIPLY THE MAGN(TUDE OF THE FRCE (Fas) BY
THE NIT VECTOR b To GET THE FORCE VECTDR [

B

. =F, AB

TIPS FDOR WORKING W(TH UNIT VECTORS:

. THE SIGNS OF THE UNIT VECTOR COMPONENTS
SHOULD MATCH THE SIGNS OF THE RESPECTIVE
COMPONENTS OF THE ORIGINAL VECTOR.

- COMPONENTS OF A UNIT VECTDR MUST BE BETWEEN
-l AND .



